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Abstract
The role of calcium in the mediation of the hypertrehalosaemic signal of the endogenous neuropeptide Mem-CC was
investigated in vitro and in vivo in the cetoniid beetle Pachnoda sinuata. The presence of Mem-CC increases the influx of
extracellular 45Ca2 into the fat body as well as the efflux of 45Ca2 from pre-loaded fat body into the incubation medium.
Extracellular calcium is essential to exert maximal activation of the fat body glycogen phosphorylase by saturating doses of
Mem-CC (0.3 nM). This effect of extracellular Ca2 is dose-dependent: maximal activation of glycogen phosphorylase by
Mem-CC is achieved at calcium concentrations of approximately 1.2 mM and the ED50 was calculated to be 0.6 mM. Both,
thimerosal and thapsigargin caused a stimulation of carbohydrate metabolism in the fat body, suggesting that a release of
calcium from the endoplasmic reticulum is involved in this process. However, neither entry of extracellular calcium nor the
release from the endoplasmic reticulum are sufficient alone for a full activation of the phosphorylase. The results of the
present study suggest that calcium from extracellular as well as from intracellular sources is part of the second messenger
system for the transduction of the hypertrehalosaemic signal of Mem-CC in the fat body of P. sinuata. ß 2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction
Flight muscles of insects perform their energy-de-
manding contraction completely aerobic and are
known to be the metabolically most active tissue in
nature. General fuels for £ight in insects are lipids,
carbohydrates and the amino acid proline (see [11]).
These metabolites are, in general, stored in the £ight
muscles, the haemolymph and in the fat body. The
amounts available from £ight muscles and the hae-
molymph are relatively small and last only for a
short period of £ight. Therefore, resources in the
fat body, the major storage organ, must be made
available. Such a mobilisation of substrates is under
the control of members of the family of AKH/RPCH
peptides [11].
Previously, we have shown that the fruit beetle,
Pachnoda sinuata, uses the amino acid proline exclu-
sively to power its endothermic pre-£ight warm-up,
while the beetle oxidises a combination of proline
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and carbohydrates during £ight [4,5]. It was also
shown that corpora cardiaca of P. sinuata produce
and store the AKH peptide Mem-CC with the pri-
mary structure pGlu-Leu-Asn-Ser-Pro-Asp-Gly-
TrpNH2 [12]. This peptide is responsible for (1) the
stimulation of proline synthesis from alanine and
carbon units, the latter derived from lipid metabo-
lism [1,2], and (2) the activation of glycogen phos-
phorylase for mobilisation of glycogen reserves from
the fat body of P. sinuata [3]. However, there seem to
be di¡erent signalling routes for e¡ecting these ac-
tions of Mem-CC on the stimulation of proline syn-
thesis and activation of glycogen phosphorylase, re-
spectively. Our previous investigations suggest that
there are di¡erent receptors or receptor subtypes
for the two metabolic pathways: for glycogen mobi-
lisation, the tyrosine residue at position 4 of Mem-
CC is essential for receptor recognition [1,2], whereas
for the stimulation of proline synthesis, the aspartate
residue in position 7 is most important [1,2]. Further-
more, we have recently shown that cyclic AMP is
involved in the stimulation of proline synthesis by
Mem-CC but not in the activation of glycogen phos-
phorylase [3]. These ¢ndings suggest that there are
di¡erent second messenger systems present for trig-
gering of the two di¡erent events by Mem-CC in the
fat body of P. sinuata. Our failure to demonstrate an
involvement of cyclic nucleotides in the activation of
glycogen phosphorylase by Mem-CC, led us to study
the role of calcium in the second messenger system
for carbohydrate mobilisation in the fruit beetle.
The presence of su⁄cient extracellular calcium is
essential for the action of AKH peptides on the car-
bohydrate mobilisation from fat body of cock-
roaches, as well as of locusts in vitro (see [13]) and,
in addition, calcium ions released from intracellular
stores are important for the release of trehalose from
the fat body of di¡erent cockroach species in vitro
[6,15]. Moreover, in Locusta migratoria the presence
of the endogenous AKH peptides increases the in£ux
of extracellular calcium into the fat body in vitro, as
well as promoting the e¥ux from the latter [24,26].
The present study investigates, therefore, the in£u-
ence of Mem-CC on the calcium homeostasis of the
fat body of P. sinuata. Furthermore, we study the
e¡ect of an in£ux of extracellular calcium into the
cytosol and of a release of calcium from intracellular
stores into the cytosol on the mobilisation of carbo-
hydrates from the fat body. In all previous studies
(see citations above), trophocytes, fat body pieces or
decapitated insects were used to investigate the role
of calcium as a second messenger for AKH peptides.
Most of the experiments in the present study were
also only possible by applying in vitro methods.
However, we included in vivo experiments whenever
it was possible to con¢rm that our results can be
generalised for an intact and living insect. The results
are used to discuss a possible role of calcium in the
signal transduction from Mem-CC for the activation
of glycogen phosphorylase in the fruit beetle.
2. Materials and methods
2.1. Insects
Male fruit beetles of the species P. sinuata £avi-
ventris (Gory and Percheron), were caught in the
vicinity of Cape Town and were maintained as out-
lined previously [27]. Experimental insects had a
body weight of about 1 g.
2.2. Bioassays
Bioassays for the determination of the concentra-
tion of carbohydrates in the haemolymph were car-
ried out as described in [1,2]. Carbohydrates were
determined in a sample of 1 Wl haemolymph which
was blown immediately into 100 Wl of concentrated
H2SO4 as anthrone-positive material (carbohydrates)
according to Spik and Montreuil [18].
2.3. Isolation of fat body tissue and incubation
in vitro
The fat body of individual beetles was dissected,
washed twice with ice-cold Pachnoda saline (contain-
ing 110 mM NaCl, 25 mM KCl, 2 mM CaCl2, 5 mM
MgCl2, 10 mM NaHCO3, 5 mM NaH2PO4 ; adjusted
to pH 7.0 with 0.5 N NaOH and to 500 mOsm with
sucrose) and pre-incubated for 1 h at 25‡C in saline.
Thereafter, the individual fat bodies were divided
into four to six pieces of which one always served
as a control and the remaining pieces were used for
experimental treatment. Each fat body piece was
transferred into an Eppendorf tube and incubated
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in 165 Wl Pachnoda saline containing the test substan-
ces. EGTA (1 mM) was used to prepare Ca2-free
media and various concentrations were used to ad-
just media to a speci¢c Ca2 concentration according
to the method of Steele and Paul [20].
2.4. Determination of glycogen phosphorylase
(EC 2.4.1.1.)
The fat body tissue of individual beetles was ho-
mogenised in a bu¡er consisting of TRA/HCl
(50 mM, pH 7.0), EDTA (5 mM), NaF (20 mM)
and centrifuged at 8000Ug and 4‡C for 20 min.
The activity of glycogen phosphorylase was deter-
mined in the direction of glycogen breakdown from
the infranatant in a medium containing TRA/HCl
(50 mM, pH 7.0), DTT (2.6 mM), EDTA (2 mM),
glucose-1,6-bisphosphate (1.5 WM), glycogen (AMP-
free, 10 mg ml31), imidazole (5 mM), KH2PO4
(60 mM), magnesium acetate (4.8 mM), NADP
(0.4 mM), phosphoglucomutase (0.24 U ml31) and
glucose-6-phosphate dehydrogenase (0.85 U ml31).
The reaction was started by addition of homogenate,
and the activity of phosphorylase a was recorded.
Thereafter, AMP (1.5 mM ¢nal concentration) was
added, and the activities of phosphorylase a+b deter-
mined ( = 100% activity).
2.5. Measurement of 45Ca2+ in£ux into fat body
The fat body pieces were pre-incubated for 1 h in
155 Wl Pachnoda saline containing 1 mM CaCl2.
Thereafter, 2 WCi 45Ca2 with or without (as control)
Mem-CC (50 pmol) were added in a volume of 10 Wl.
Fat body pieces were removed from the medium
after the times given in the respective ¢gures and
were washed ¢ve times in 2 ml ice-cold Pachnoda
saline containing 50 WM EGTA and 0.1 mM LaCl2
to remove adhering 45Ca2. The rinsed tissue was
homogenised in 1 ml 50 mM HEPES (pH 7.0)
containing 5 mM EDTA, 20 mM NaF and 2 mM
DTT using a chilled Potter^Elvehjem homogeniser.
The homogenates were centrifuged for 15 min at
14 000Ug and 0‡C. The infranatant between the pel-
let and the £oating layer of fat was used for deter-
mination of radioactivity and protein concentration.
Radioactivity was detected by transferring an aliquot
of the infranatant into scintillation £uid (Packard,
Ultima Gold TR) and counting in a Beckman LS
5000 TD scintillation counter.
2.6. Measurement of 45Ca2+ e¥ux from fat body
Fat body pieces were pre-incubated as described
for the in£ux experiments. Thereafter, 2 WCi 45Ca2
were added and the tissue pre-incubated for an addi-
tional 2 h to load the fat body pieces with radioactive
calcium. Subsequently, the tissue pieces were re-
moved from the incubation medium and rinsed ¢ve
times in 2 ml of the same saline at room temperature.
The ¢nal incubation was carried out in 1 ml of me-
dium in the presence or absence (control) of Mem-
CC. Aliquots of 10 Wl were taken at the times given
in the ¢gures for determination of radioactivity.
After termination of the experiment, the tissue was
homogenised as described above and residual radio-
activity and protein content determined.
2.7. Protein determination
Protein was measured according to Bradford [9]
using a BioRad kit and bovine serum albumin (frac-
tion V) as standard.
2.8. Chemicals
The ionophore A23187, IBMX, cpt-cAMP, cpt-
cGMP, dantrolene, thapsigargin and thimerosal
were purchased from Sigma, USA. The synthetic
Mem-CC was custom-synthesised by Dr. R. Kellner
(Merck KGaA, Darmstadt, Germany). 45Ca2 (as
CaCl2 ; 1.01 GBq mg31) was from Amersham, UK.
All other biochemicals, enzymes and chemical sub-
stances were of reagent grade and purchased from
Sigma, USA; Merck, Germany or Roche, Switzer-
land.
2.9. Statistical analysis of bioassays
In the bioassays two haemolymph samples were
taken: one before and one after the experimental
or control treatment of the beetle. The di¡erence in
metabolite concentration between these two samples
was tested using a paired t-test within each group of
treatment to analyse the signi¢cance of the change
(signi¢cance expressed as * in experiments shown in
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Figs. 2B, 4B and 5B). The Student’s t-test, however,
was used when the changes of metabolite levels of
di¡erent experimental groups were compared with
those of the respective control groups (water injec-
tion) and the signi¢cant di¡erence was marked with
 in Figs. 2B, 4B and 5B. Signi¢cance levels of di¡er-
ences are as stated in the respective ¢gure legends.
3. Results
3.1. In£uence of cyclic nucleotides and octopamine on
glycogen phosphorylase in vitro
In our previous investigations about second mes-
sengers for signal transduction of Mem-CC [3] we
had studied the e¡ect of several substances that sim-
ulated cyclic nucleotides, as well as octopamine on
the activation of glycogen phosphorylase in vivo. In
the present study we have repeated these investiga-
tions but with an in vitro system. The results of the
current series of experiments is compiled in Table 1
and suggest that the e¡ect of the tested substances in
vitro is identical to the previous results obtained with
in vivo experiments: while Mem-CC activated glyco-
gen phosphorylase signi¢cantly, substances which
simulate an increase in intracellular cAMP (cpt-
cAMP, IBMX) or cGMP (cpt-cGMP) have no e¡ect,
con¢rming that cyclic nucleotides are not involved in
the activation of glycogen phosphorylase. In addi-
tion, it was also con¢rmed that octopamine does
not a¡ect the activation state of glycogen phosphor-
ylase.
3.2. Dependence of Mem-CC triggered activation of
phosphorylase on extracellular calcium
The action of Mem-CC on fat body tissue in vitro
Fig. 1. In£uence of extracellular calcium on the activation of
glycogen phosphorylase by 50 pmol Mem-CC (¢nal concentra-
tion 0.3 nM) during in vitro incubation of fat body tissue from
P. sinuata. Values are given as means þ S.D. (n = 6). *Signi¢-
cantly di¡erent from control group (P6 0.001, Student’s t-test).
Table 1
Activation of glycogen phosphorylase in the fat body of P. sin-
uata incubated in vitro with various substances
Substance tested Active phosphorylase (% of total)
Control 33.4 þ 2.1
Mem-CC 50 pmol 50.9 þ 3.0*
cpt-cAMP 0.1 mM 34.2 þ 4.1
0.3 mM 35.1 þ 3.4
IBMX 0.5 mM 34.8 þ 3.8
Octopamine 1 WM 36.8 þ 5.0
100 WM 37.6 þ 4.2
cpt-cGMP 0.3 mM 32.7 þ 2.5
Data are means þ S.D. (n = 5^6). *Signi¢cantly di¡erent to con-
trol (P6 0.001) using Student’s t-test.
Fig. 2. In£uence of calcium in£ux, as mimicked by ionophore
A23187, on activation of glycogen phosphorylase in fat body
from P. sinuata in vitro (A) and on carbohydrate concentration
in the haemolymph of P. sinuata in vivo (B). Final concentra-
tions of supplements are given in (A), while absolute amounts
injected are given in (B). This applies also for Fig. 4 and 5.
Values are given as means þ S.D. (A: n = 5^8 and B: n = 6^9).
*Signi¢cantly di¡erent from control group (P6 0.001, Student’s
t-test). Change signi¢cantly di¡erent (P6 0.002) using paired
t-test.
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was compared in medium which contained Ca2 and
in one which was made calcium-free by the addition
of EGTA. The e¡ect was measured after 15 min of
incubation; maximum activation was previously re-
corded in vivo during such a time period [3]. Because
the gradient caused by the lack of Ca2 in the me-
dium (containing EGTA) could possibly lead to an
e¥ux of intracellular calcium and prevent activation
of the phosphorylase (see [19]), the activation was
also measured after only 5 min of incubation. The
absence of extracellular calcium prevented the action
of Mem-CC almost completely: while the activation
of phosphorylase rose from 31 to 46% after 5 min
and to 55% after 15 min when calcium was present in
the medium, no signi¢cant increase was measured
when the medium contained EGTA (Fig. 1).
The ionophore A23187 can mimic the in£ux of
extracellular calcium into cells. When the ionophore
was present in the incubation medium, fat body
phosphorylase was activated signi¢cantly above con-
trol (33%) to 44% compared with an activation to
51% by Mem-CC (Fig. 2A). When the ionophore
was injected into live P. sinuata it caused an increase
of the carbohydrate concentration in the haemo-
lymph by 35% which was signi¢cant compared with
control injection of water. It was, however, a lower
increase than the 46% when Mem-CC was injected
(Fig. 2B).
The e¡ect of extracellular calcium on the action of
Mem-CC in vitro is dose-dependent (Fig. 3). The
lowest concentration of Ca2 at which Mem-CC
was able to trigger an activation of phosphorylase
signi¢cantly di¡erent to the control was 0.5 mM.
The Ca2 concentration at which Mem-CC caused
a maximum activation of approximately 52% was
about 1.2 mM; the ED50 value was calculated to
be 0.60 mM.
3.3. Dependence of Mem-CC triggered activation of
phosphorylase on intracellular calcium
The in£uence of a possible release of Ca2 from
intracellular sources was investigated. An in vitro
experiment revealed that thimerosal, a substance
which causes a Ca2 release from InsP3-sensitive
stores in the endoplasmic reticulum [8], activated gly-
cogen phosphorylase, indicating that intracellular
calcium release may play a role in signal transduc-
tion. In media containing 0.1 and 0.2 mM thimer-
osal, phosphorylase in fat body tissue was activated
signi¢cantly above control (32%) to 49 and 57% re-
spectively. This activation was almost identical to
Fig. 4. E¡ect of di¡erent concentrations of thimerosal on acti-
vation of glycogen phosphorylase in fat body from P. sinuata
in vitro (A) and on carbohydrate concentration in the haemo-
lymph of P. sinuata in vivo (B). Values are given as
means þ S.D. (A: n = 5 and B: n = 7^8). *Signi¢cantly di¡erent
from control group (P6 0.001, Student’s t-test). Change sig-
ni¢cantly di¡erent (P6 0.01, paired t-test).
Fig. 3. Dose^response relationship of the in£uence of extracellu-
lar calcium on the activation of glycogen phosphorylase from
fat body of P. sinuata by Mem-CC in vitro. Values are given as
means þ S.D. (n = 6). *Lowest concentration of calcium at which
activation by Mem-CC is signi¢cantly di¡erent from control
group (P6 0.05, Student’s t-test).
BBAMCR 14701 5-1-01
L. Auerswald, G. Ga«de / Biochimica et Biophysica Acta 1499 (2001) 199^208 203
that achieved by Mem-CC (51%; Fig. 4A). When
thimerosal was injected into live P. sinuata, however,
no signi¢cant change in the haemolymph concentra-
tion of carbohydrates was found whereas a signi¢-
cant change in the carbohydrate concentration oc-
curred upon injection of Mem-CC (Fig. 4B). It
must be stated, however, that carbohydrate levels
were very variable in this experiment and as a result,
not even the positive control group (injection of
Mem-CC) was signi¢cantly di¡erent to the negative
control group (water injection).
In an additional experiment, the in£uence of thap-
sigargin on phosphorylase activation was studied.
Thapsigargin inhibits the Ca2-ATPase that is re-
sponsible for the return of endoplasmic Ca2 into
its intracellular stores. Results show that thapsigar-
gin could activate the phosphorylase in vitro to 51%
(3 WM) and 55% (1 WM); which is similar to the
activation of 53% by Mem-CC and well above the
controls (no addition: 31%; DMSO added: 35%;
Fig. 5A). Used in an in vivo experiment, thapsigargin
caused a signi¢cant increase in the haemolymph car-
bohydrate concentration by 41%, slightly less than
the signi¢cant increase of 48% caused by the injec-
tion of Mem-CC (Fig. 5B). DMSO, which was used
to dissolve thapsigargin in both the in vitro and in
vivo experiments, also caused a signi¢cant elevation
of the carbohydrate level but to a much smaller ex-
tent (18%, which was not signi¢cantly di¡erent from
water injection). The substance thapsigargin, there-
fore, elevated both the activation state of phosphor-
ylase in vitro and the haemolymph levels of carbo-
hydrates in vivo.
3.4. Relative importance of extra- and intracellular
calcium for action of Mem-CC on fat body
glycogen phosphorylase in vitro
Dantrolene blocks the release of Ca2 from intra-
cellular stores [16]. In the present experiment, we
used this substance and EGTA to prevent either an
in£ux of calcium from the medium, an intracellular
release of calcium or both to investigate the relative
importance of extra- and intracellular calcium for the
transduction of the signal of Mem-CC (Fig. 6).
Mem-CC caused the maximum activation of the
phosphorylase (54%) when extra- and intracellular
calcium were available (3EGTA, 3dantrolene).
This e¡ect is reduced to 44% activation when only
extracellular calcium is present (3EGTA, +dantro-
Fig. 6. Relative importance of intra- and extracellular calcium
for the action of Mem-CC on activation of glycogen phosphor-
ylase in fat body of P. sinuata in vitro. Incubations were car-
ried out in the presence or absence of Mem-CC (50 pmol),
1.5 mM EGTA (for calcium-free medium) and 0.1 mM dantro-
lene (to block calcium release from intracellular stores). Values
are given as means þ S.D. (n = 6). Signi¢cance of di¡erence be-
tween groups (P6 0.02) was calculated using ANOVA. Identi-
cal lower-case letters indicate no statistical di¡erence.
Fig. 5. E¡ect of di¡erent concentrations of thapsigargin on acti-
vation of glycogen phosphorylase in fat body from P. sinuata
in vitro (A) and on carbohydrate concentration in the haemo-
lymph of P. sinuata in vivo (B). Values are given as
means þ S.D. (A: n = 5 and B: n = 5^8). *Signi¢cantly di¡erent
from control group (P6 0.001, Student’s t-test). Change sig-
ni¢cantly di¡erent (P6 0.01, paired t-test).
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lene) and to 46% when only intracellular calcium can
be used (+EGTA, 3dantrolene). In both cases, this
lowered activation of glycogen phosphorylase is sig-
ni¢cantly higher than in incubations where Mem-CC
was omitted. In these groups (left half of Fig. 6) the
activation of phosphorylase ranged from 29 to 32%.
When neither extra- nor intracellular calcium was
present (+EGTA, +dantrolene), Mem-CC could not
elevate the activation state of phosphorylase (32%)
above that of the latter groups where Mem-CC was
omitted.
3.5. E¡ect of Mem-CC on in£ux and e¥ux of
radioactive calcium
The time-course of the in£ux of radioactive calci-
um into fat body tissue in vitro in the presence or
absence of Mem-CC is shown in Fig. 7. Mem-CC
enhances the in£ux of calcium signi¢cantly and, at
the end of the incubation experiment, fat body pieces
which were exposed to Mem-CC have incorporated
approximately 32% more radioactivity than those of
the control group. The two curves were signi¢cantly
di¡erent (P6 0.02, using regression analysis).
In Fig. 8 the time-course of the e¥ux of radio-
actively labelled calcium from pre-loaded (2 h) fat
body pieces in vitro, in the presence or absence of
Mem-CC, is shown. Mem-CC caused a signi¢cantly
faster release compared to the control group and at
the end of the incubation period of 5 min, 26% less
radioactivity was measured in fat body pieces which
were treated with Mem-CC compared to those of the
control group. The two curves were signi¢cantly dif-
ferent (P6 0.05, using regression analysis).
4. Discussion
Activation of glycogen phosphorylase by AKH
peptides in the fat body of various cockroach species
(see for example [6,14,19]) and one locust species [26]
was shown to depend on the availability of calcium.
The necessary calcium is present in the extracellular
£uid, as well as in intracellular stores, such as the
endoplasmic reticulum or mitochondria. In the
present study we have shown that both extracellular
and intracellular calcium is involved in the activation
of glycogen phosphorylase by Mem-CC in the fat
body of a coleopteran, the cetoniid beetle P. sinuata.
4.1. The in£uence of the extracellular calcium
concentration on the action of Mem-CC
We have clearly shown that full activation of gly-
cogen phosphorylase by Mem-CC cannot be exerted
when EGTA, which maintains the calcium concen-
tration close to zero, is present in the incubation
medium (Figs. 1 and 6). Previously, such a require-
ment of extracellular calcium for hormonal action on
fat body phosphorylase was shown in insects such as
cockroaches [14,17,19] and locusts [26]. We measured
this e¡ect already after a very short incubation time
of 5 min, as suggested by Steele and Ireland [19], to
avoid a negative e¡ect of a possible calcium e¥ux
Fig. 8. Time-related e¡ect of Mem-CC (circles) on the e¥ux of
45Ca2 from pre-loaded fat body from P. sinuata in vitro com-
pared with a control incubation (no addition, squares). Values
are given as means þ S.D. (n = 15). The two curves were signi¢-
cantly di¡erent (P6 0.05, using regression analysis).
Fig. 7. E¡ect of Mem-CC (circles) on the time-course of uptake
of 45Ca2 into fat body tissue from P. sinuata in vitro com-
pared with a control incubation (no addition, squares). Values
are given as means þ S.D. (n = 15). The two curves were signi¢-
cantly di¡erent (P6 0.02, using regression analysis).
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from the cell into the (calcium-free) medium. In ad-
dition, with the help of the ionophore A23187 we
simulated an in£ux of calcium from outside the fat
body cell and could show that such an arti¢cial cal-
cium in£ux can indeed mobilise carbohydrate stores
by activating the phosphorylase (Fig. 2). Such an
activation of carbohydrate metabolism in the fat
body by the in£ux of extracellular calcium is known
for a number of insects such as di¡erent cockroach
species [6,14,17,19] and in locusts [26]. In the latter
insect, however, the action of calcium is via the ele-
vation of cAMP levels [26]. In P. sinuata [3], as well
as in the cockroach species investigated by the
above-mentioned authors, cyclic nucleotides are not
part of the second messenger system for the hyper-
trehalosaemic signal of the respective AKH peptides
in the fat body.
The action of Mem-CC on glycogen phosphory-
lase in the fat body of P. sinuata depends on the
amount of extracellular calcium available. We dem-
onstrated this dose^response relationship in an in
vitro experiment (Fig. 3). The maximum activation
by a saturating dose of Mem-CC was reached in the
presence of calcium concentrations greater than
1.2 mM. The latter concentration is in the range of
physiological calcium concentrations measured in an-
imal cells [10]. Vroemen et al. [26] reported similar
maximal calcium doses (approximately 1.5 mM) for
the activation of glycogen phosphorylase from the
fat body of L. migratoria by Lom-AKH-I, II and
III. The ED50 of 0.6 mM calculated from our results
is in the same range as can be concluded from data
presented by Vroemen et al. [26] for all three AKH
peptides of L. migratoria.
Extracellular Ca2 may also be important for re-
ceptor-binding of Mem-CC as was shown for the
receptor of Manduca sexta for its endogenous
AKH peptide [28]. Our experiments, however, were
not designed to estimate such an e¡ect of calcium on
receptor binding of Mem-CC. The results of our ex-
periments with the ionophore A23187 and 45Ca2,
however, suggest, that at least a major in£uence of
extracellular calcium is exerted by its entry into the
cell.
4.2. The importance of calcium release from
intracellular stores for the action of Mem-CC
The release of calcium from intracellular sources
was demonstrated in our experiments: thimerosal, as
well as thapsigargin, were able to trigger an activa-
tion of glycogen phosphorylase in vitro. In addition,
an in vivo increase of the haemolymph levels of the
carbohydrates after injection of thapsigargin could
be shown. The action of both thimerosal and thap-
sigargin causes the release of calcium which is stored
in the endoplasmic reticulum: thimerosal causes the
release of InsP3-sensitive stores while thapsigargin
blocks the endoplasmic Ca2-ATPase and prevents
a return of calcium into the endoplasmic stores in
this way [22]. For full activation of glycogen phos-
phorylase by the action of Mem-CC, however, extra-
and intracellular calcium must be made available.
The activation by Mem-CC was only partial when
either extra- or intracellular calcium was available.
In addition to its immediate stimulatory e¡ect, the
calcium released from the endoplasmic reticulum
may potentiate the in£ux of extracellular calcium,
as postulated by Berridge [7] as ‘capacitative entry’.
It was indeed shown for rat cells in vitro that thap-
sigargin not only triggers the release of intracellular
calcium stores but that this initial release causes a
signi¢cant entry of calcium from the medium [21].
The fact that thimerosal can induce an activation
of the glycogen phosphorylase in the fat body of P.
sinuata, indirectly shows that inositol phosphates
may be part of the second messenger system, since
it is known that thimerosal sensitises InsP3 receptors
of the endoplasmic reticulum [8]. Inositol phosphates
were previously shown to take part in signal trans-
duction during glycogen mobilisation from locust fat
body by AKH peptides [23,25].
4.3. Fluxes of calcium across the cell membrane
In the present study we demonstrated that Mem-
CC can enhance the in£ux of calcium into fat body
cells of P. sinuata from the extracellular £uid, as well
as the e¥ux of calcium from the cytosol into the
extracellular £uid. This phenomenon was previously
shown for the action of the AKH peptides of L.
migratoria on locust fat body [24,26], as well as for
the action of the endogenous hypertrehalosaemic
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peptides Pea-CAH-I and II on cockroach fat body
[19]. This mechanism may be present to ensure a ¢ne-
tuning of the cytosolic calcium levels at a certain
time. It may also ensure a rapid return to basal levels
of intracellular calcium after the action of Mem-CC.
This may include the return of su⁄cient amounts of
calcium ions into the intracellular stores which are
depleted during the course of the transduction of the
hypertrehalosaemic signal as indicated by the e¡ects
of the agents thimerosal and thapsigargin, which
cause a release of calcium from those stores, in our
experiments.
4.4. Model for the role of Ca2+ in the transduction of
the hypertrehalosaemic signal of Mem-CC
Summarising the data we obtained from our ex-
periments, we speculate about a possible model for
the transduction of the hypertrehalosaemic signal of
Mem-CC in fat body cells of P. sinuata as follows
(Fig. 9). Binding of Mem-CC to the membrane-
bound receptor (for the hypertrehalosaemic e¡ect)
results in a change of conformation of a stimulatory
G-protein (Gs). The presence of such a protein we
conclude from preliminary experiment in which AlF3
caused an activation of glycogen phosphorylase in
vitro (Auerswald and Ga«de, unpublished). The G-
protein would activate the enzyme phospholipase C
and may also modulate Ca2 channels in the cell
membrane. That inositol phosphates and the enzyme
responsible for their formation, phospholipase C,
take part in the mediation of the signal is supported
by the action of thimerosal, which triggers the release
of calcium from the InsP3-sensitive stores of the en-
doplasmic reticulum. In addition, the occurrence of a
‘capacitative’ Ca2 entry from the extracellular £uid
is indicated by the fact that thapsigargin can partially
mimic the e¡ect of Mem-CC. Calcium from extra-
and intracellular sources has a stimulatory e¡ect on
glycogen phosphorylase of the fat body of the fruit
beetle P. sinuata.
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